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PROBLEM TO BE SOLVED: To provide conductive paste for forming an electrode on a 
p-type Si semiconductor substrate that can thin an electrode film with securing a desired 
solar battery characteristic, and provide the solar battery having the electrode formed 
using the conductive paste. 

SOLUTION: Aluminum containing organic compound is added to conductive paste formed 
by mixing aluminum powder, glass frit, and organic vehicle. Mixing ratio of the aluminum 
powder, the glass frit, the organic vehicle, and the aluminum containing organic compound 
is set to be aluminum powder: 50.0-75.0 wt.%, glass frit: 0.5-5.0 wt.%, organic vehicle: 
20.0-30.0 wt.%, and aluminum containing organic compound: 1 .0-15.0 wt.% (Al metal 
content: 0.01-3.0 wt.%). A back surface electrode is formed on a p-type Si semiconductor 
substrate by coating and baking this conductive paste. 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

* 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The invention in this application relates to the solar battery which has a 
conductive paste suitable for using as an object for the p mold Si semi-conductors of the electrode for 
semi-conductors, especially a crystal system Si solar battery, and the electrode formed using it. 
[0002] 

[Description of the Prior Art] A solar battery as shown in drawing 1 is in one of the electronic parts with 
which the electrode was formed on the p type semiconductor substrate. In this solar battery, the p mold 
Si semi-conductor substrate 1 with a thickness of 300-400 micrometers is used. To the light-receiving 
side side of this p mold Si semi-conductor substrate 1 The antireflection film 3 for raising 0.3-0.5- 
micrometer n mold impurity layer 2 and photoelectric conversion efficiency is formed, this antireflection 
film 3 is penetrated further, and the grid electrode 4 for n mold Si semi-conductors is formed so that n 
mold impurity layer 2 of the p mold Si semi-conductor substrate 1 may be reached. 
[0003] moreover — the rear-face side of the p mold Si semi-conductor substrate 1 — the --'the rear- face 
electrode 5 is mostly formed in the whole surface. In addition, this rear-face electrode 5 is formed by 
usually calcinating it at the temperature more than the melting point (660 degrees C) of aluminum, after 
applying to the rear face of the p mold Si semi-conductor substrate 1 conductive aluminum paste which 
blended the aluminium powder, the glass frit, and the organic vehicle. And in case this rear- face 
electrode 5 is formed, the aluminum-Si alloy layer 6 is formed in the p mold Si semi-conductor substrate 
1 side of the interface (aluminum/Si interface) of the rear-face electrode 5 and the p mold Si semi- 
conductor substrate 1 , the recombination in the rear- face electrode 5 of a generation carrier is controlled, 
and the BSF effectiveness that the collector efficiency of a generation carrier improves is acquired as a 
result. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when conductive aluminum paste which comes to 
blend the aluminium powder, glass frit, and organic vehicle of the above-mentioned former is used, 
curvature from which the forming face side of the rear-face electrode 5 serves as a concave surface 
usually arises in the p mold Si semi-conductor substrate 1 according to the difference (table 1 reference) 
of the line coefficient of thermal expansion of the rear-face electrode (aluminum electrode layer) 5, or 
the aluminum-Si alloy layer 6 and the p mold Si semi-conductor substrate 1 at the time of baking. 
[0005] 

[A table 1] , 





S i '. 


Al 


Al-S 


mmmm 
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23. 5 


20. 5 



[0006] Thus, when curvature arises in a p mold Si semi-conductor substrate, there is a trouble that a :j 
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crack etc. occurs at the process which manufactures a solar battery, and the yield falls. 
[0007] Moreover, since the amount of curvatures will increase if thickness of a p mold Si semi- 
conductor substrate is made thin, the lamination of a p mold Si semi-conductor substrate is restrained, 
and there is a trouble of becoming the hindrance of the cost cut by the lamination of a p mold Si semi- 
conductor substrate. 

[0008] Moreover, although the approach of making electrode layer thickness thin is learned as an 
approach of reducing the amount of curvatures of a p mold Si semi-conductor substrate, when electrode 
layer thickness is made thin, the amount of generation of an aluminum-Si alloy decreases, it becomes 
impossible to acquire sufficient BSF effectiveness, and there is a trouble that a solar-battery property 
falls. 

[0009] The invention in this application solves the above-mentioned trouble, and it aims at offering the 
solar battery equipped with the electrode which formed electrode layer thickness using the conductive 
paste and this conductive paste for electrode formation to the p mold Si semi-conductor substrate which 
can be made thin, securing a desired solar-battery property. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the conductive paste of 
the invention in this application (claim 1) is a conductive paste for electrode formation of a up to [ a p 
mold Si semi-conductor substrate ], and is characterized by containing an aluminium powder, a glass 
frit, an organic vehicle, and an aluminum content organic compound. 

[001 1] While blending aluminum (aluminum) powder, a glass frit, and an organic vehicle By making 
(Aluminum aluminum) content organic compound contain furthermore, at a baking process In order for 
aluminum content organic compound to decompose, and for metal aluminum to generate and to react 
efficiently with a p mold Si semi-conductor substrate, Even if it makes electrode layer thickness thin, it 
becomes possible to make an aluminum-Si alloy required for the interface of an electrode and a p mold 
Si semi-conductor substrate in order to realize a desired property generate, and it becomes possible to 
acquire sufficient BSF effectiveness. Therefore, while becoming possible to make electrode layer 
thickness thin and becoming possible to make small the amount of curvatures of a p mold Si semi- 
conductor substrate, and to raise the yield, securing a desired solar-battery property by using the 
conductive paste of the invention in this application, it becomes possible to aim at the cost cut by the 
lamination of Si semi-conductor substrate. 

[0012] Moreover, the conductive paste of claim 2 is an aluminium powder about the blending ratio of 
coal of an aluminium powder, a glass frit, an organic vehicle, and an aluminum content organic 
compound. : 50.0 - 75.0-% of the weight glass frit : 0.5- 5.0-% of the weight organic vehicle : 20.0 - 
30.0-% of the weight aluminum content organic compound: It is characterized by considering as 1.0 - 
15.0 % of the weight (aluminum metal conversion: 0.01 - 3.0 % of the weight). 

[0013] It will be because the printing nature of a conductive paste falls to have made the blending ratio 
of coal of aluminum powder into 50.0 - 75.0% of the weight of the range, if the sintered density of an 
electrode will become low if the rate of aluminum powder becomes less than 50.0% of the weight, 
resistance of an electrode layer becomes large, and a property falls and it exceeds 75.0 % of the weight. 
[0014] Moreover, it is because the bond strength of an electrode-p mold Si semi-conductor substrate will 
fall if the rate of a glass frit becomes less than 0.5% of the weight, glass will segregate to an electrode-p 
mold Si semi-conductor substrate interface if it exceeds 5.0 % of the weight, and electric contact is 
checked to have made the blending ratio of coal of a glass frit into 0.5 - 5.0% of the weight of the range. 
[0015] Moreover, if the rate of an organic vehicle becomes less than 20.0% of the weight, the printing 
nature of a conductive paste will fall, if it exceeds 30.0 % of the weight, the sintered density of an 
electrode will fall, resistance of an electrode layer becomes large, and it is because a property falls to 
have made the blending ratio of coal of an organic vehicle into 20.0 - 30.0% of the weight of the range. 
[0016] Moreover, if the rate of aluminum content organic compound becomes less than 1.0% of the 
weight, sufficient addition effectiveness will not be acquired, and if it exceeds 15.0 % of the weight, 
electrode sintered density will fall, and it is because degradation of the solar-battery property by 
resistance buildup of an electrode layer is caused to have made the blending ratio of coal of aluminum 
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content organic compound into 1.0 - 15.0% of the weight of the range. 

[0017] Moreover, the conductive paste of claim 3 is characterized by being at least one sort chosen from 
the group which said aluminum content organic compound becomes from aluminum resinate, aluminum 
stearate, aluminium oleate, lauric-acid aluminum, lactic-acid aluminum, aluminum acetylacetonate, 
aluminum TORIISO propoxide, and aluminum butoxide. 

[001 8] making the effectiveness of the invention in this application do so certainly by there being 
especially no constraint, and using at least one sort chosen from the group which consists of aluminum 
resinate, aluminum stearate, aluminium oleate, lauric-acid aluminum, lactic-acid aluminum, aluminum 
acetylacetonate, aluminum TORIISO propoxide, and aluminum butoxide especially also in it as an 
aluminum content organic compound, although it is possible to use the various organic compounds 
containing aluminum — possible — becoming ~ the invention in this application — efficiency — oh, it can 
close. 

[0019] Moreover, the solar battery of the invention in this application (claim 4) is characterized by 
having the electrode formed by applying a conductive paste according to claim 1 to 3, and being burned. 

[0020] When an electrode is formed using a conductive paste according to claim 1 to 3, electrode layer 
thickness can be made thin, securing a solar-battery property, and the curvature of a p mold Si semi- 
conductor substrate can be reduced, that is, it becomes possible to become possible to make it thin even 
to 20-30 micrometers, without reducing the amount of generation of the aluminum-Si alloy layer formed 
in the electrode forming face of a p mold Si semi-conductor substrate namely,, without spoiling a solar- 
battery property about what has required setting electrode layer thickness to 50-60 micrometers, to 
prevent the curvature of a p mold Si semi-conductor substrate, and to raise the yield conventionally. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the invention in this application is 
shown, and the place by which it is characterized [ the ] is explained in more detail. In addition, this 
operation gestalt explains taking the case of the conductive paste used when forming an electrode in the 
p mold Si semi-conductor substrate for solar batteries. 

[0022] First, while containing 50.0 - 75.0 % of the weight of aluminium powders, 0.5 - 5.0 % of the 
weight of glass frits, and 20.0 - 30.0 % of the weight of organic vehicles, the conductive paste contained 
at a rate as shows various kinds of aluminum content organic compounds in a table 2 was prepared. 
[0023] aluminum content organic compounds (for example, commercial aluminum resinate R1058 (N. 
product made from E. KEMUKYATTO) etc.) were added, after adding spherical aluminum powder and 
the B-Si-Pb system glass frit of 585 degrees C of softening temperatures, taking care so that aluminum 
powder may not be crushed flatly, it fully kneaded to the organic vehicle which comes to dissolve a 
nitrocellulose in terpineol using the well-known metal roll, and, specifically, the conductive paste was 
obtained to it. 

[0024] In addition, as aluminum powder used for the conductive paste of the invention in this 
application, specific surface area is too large, and while preventing that scaling of aluminum powder 
progresses too much, it is desirable to use the end of a spherical powder whose mean particle diameter is 
5-20 micrometers, such as an atomizing powder, from the standpoint which secures the reactivity 
between p mold Si semi-conductor substrates. 

[0025] Moreover, although the above B-Si-Pb system glass frits are used as a desirable glass frit as a 
glass frit used for the conductive paste of the invention in this application, a glass frit can use suitably 
the various glass frits which show a p mold Si semi-conductor substrate and a good adhesive property 
(junction nature) by not being restricted to this and calcinating at the temperature of 650-800 degrees C. 
In addition, as an example of other desirable glass frits, a B-Si-Bi system, a B-Si-Zn system, a Si-Bi-Pb 
system, etc. are mentioned. 

[0026] Moreover, it is possible to use the various things which dissolved at least one sort chosen from 
fiber system resin like ethyl cellulose or a nitrocellulose with which ash content does not remain, acrylic 
resin, an alkyd resin, etc. as mentioned above as an organic vehicle what [ not only ] dissolved the 
nitrocellulose in terpineol but after baking in organic solvents, such as terpineol and cellosolve. 
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[0027] Moreover, it is possible to use at least one sort chosen from aluminum resinate, aluminum 
stearate, aluminium oleate, lauric-acid aluminum, lactic-acid aluminum, aluminum acetylacetonate, 
aluminum TORIISO propoxide, and aluminum butoxide as an aluminum content organic compound 
which is an additive, and it is possible to use the organic compound of others which contain aluminum 
further. 

[0028] In addition, although you may add with powder, when it dissolves in a suitable solvent and adds 
with a liquid, it becomes possible and is desirable [ these aluminum content organic compounds / degree 
of dispersion of a under / a paste / improving, and generation of the aluminum-Si alloy layer 6 of an 
interface being promoted, and acquiring sufficient BSF effectiveness ]. 

[0029] The solar battery as shown in drawing 1 was manufactured using the conductive paste prepared 
as mentioned above by [ by the side of the rear face of a p mold Si semi-conductor substrate ] forming a 
rear-face electrode (aluminum electrode) in the whole surface mostly. 

[0030] In addition, as the column of a Prior art also explained the solar battery shown in drawing 1 0.3- 
0.5-micrometer n mold impurity layer 2 and an antireflection film 3 are formed in the light-receiving 
with a thickness of 300-400 micrometers side side of the p mold Si semi-conductor substrate 1. And 
while the grid electrode 4 which penetrates an antireflection film 3 and reaches n mold impurity layer 2 
is formed It has the structure of the rear face of a p mold Si semi-conductor substrate where the rear-face 
electrode (aluminum electrode) 5 was mostly formed in the whole surface, and the aluminum-Si alloy 
layer 6 was formed in the interface of the rear-face electrode 5 and the p mold Si semi-conductor 
substrate 1. 

[0031] In addition, the production procedure of this solar battery is as follows. First, it has the pn 
junction by which n mold impurity layer 2 of the predetermined depth was formed in the light-receiving 
side side of the p mold Si semi-conductor substrate 1, and the p mold Si semi-conductor substrate with 
which the antireflection film 3 was formed is prepared further. And on an antireflection film 3, to the 
shape of a grid, Ag paste for light-receiving sides is printed and applied, and is dried. Then, the 
conductive paste which added the above-mentioned aluminum content organic compound is mostly 
applied to the rear-face side of the p mold Si semi-conductor substrate 1 with screen printing on the 
whole surface. And after drying a conductive paste, a solar battery as shown in drawing 1 is obtained by 
calcinating at 750 degrees C of maximum temperatures, and forming the grid electrode 4 and the rear- 
face electrode 5 of a light-receiving side using a near infrared ray firing furnace. 
[0032] In addition, in the solar battery of this operation gestalt, in order to acquire sufficient BSF 
effectiveness, thickness of the rear-face electrode for which 50-60-micrometer thickness was required in 
the case of the conventional solar battery is made into 20-30-micrometer thickness, as shown in sample 
No.l-10ofatable2. 

[0033] The thickness of the rear- face electrode at the time of using the conventional conductive paste 
and the conductive paste of the operation gestalt of the invention in this application which added 
aluminum content organic compound about the solar battery produced as mentioned above, the relation 
between the amount of curvatures of a p mold Si semi-conductor substrate and a solar-battery property 
(FF value), etc. are shown in a table 2. 



[0034] 
[A table 2] 
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[0035] The amount of curvatures of the p mold Si semi-conductor substrate 1 is the value of the distance 
X shown in drawing 2 at the time of applying and calcinating a conductive paste to the substrate of 
10mmx37.5mmx200micrometer(t). In addition, the desired value of the amount of curvatures which 
nonconformity does not generate in a production process is 60.0 micrometers or less, and a solar-battery 
property (FF value) is 0.710 or more. 

[0036] If it is going to acquire 0.710 or more FF values when a rear- face electrode is formed using the 
conventional conductive paste as shown in a table 2 In order to have to set a rear- face electrode 
(aluminum electrode) to 50 micrometers or more like the conventional example 1, and for the amount of 
curvatures of a p mold Si semi-conductor substrate to become large and to make the amount of 
curvatures small When thickness of a rear-face electrode is made small like the conventional example 2, 
FF value becomes less than 0.7 and it becomes impossible to acquire a desired solar-battery property. 
[0037] On the other hand, when a rear-face electrode is formed using the conductive paste concerning 
the operation gestalt of the invention in this application, even if it makes thickness of a rear-face 
electrode thin with 20.3-26.1 micrometers, it is possible to acquire a with an FF values of 0.710 or more 
solar-battery property. Moreover, since thickness of a rear-face electrode is made thin as mentioned 
above, it becomes possible to make small the amount of curvatures of a p mold Si semi-conductor 
substrate, and to raise the yield in a production process. 
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[0038] In addition, the invention in this application can add various application and deformation within 
the limits of the summary of invention about the blending ratio of coal of each ingredient which is not 
limited to the above-mentioned operation gestalt and constitutes a conductive paste, the structure of a 
solar battery, etc. 
[0039] 

[Effect of the Invention] As mentioned above, in order that aluminum content organic compound may 
decompose at a baking process, and metal aluminum may generate the conductive paste of the invention 
in this application (claim 1) and it may react efficiently with a p mold Si semi-conductor substrate since 
it has blended aluminum content organic compound further while it blends aluminum powder, a glass 
frit, and an organic vehicle, even if it makes electrode layer thickness thin, it becomes possible to secure 
a desired solar-battery property. And as a result of becoming possible to make electrode layer thickness 
thin, while becoming possible to raise the yield, it becomes possible to aim at the cost cut by the 
lamination of a p mold Si semi-conductor substrate. 

[0040] Moreover, it is the blending ratio of coal of an aluminium powder, a glass frit, an organic vehicle, 
and an aluminum content organic compound like the conductive paste of claim 2 50.0 - 75.0 % of the 
weight of aluminium powders, and glass frit 0.5- It becomes possible to make electrode layer thickness 
thin, securing a desired solar-battery property still more certainly by considering as 20.0 - 30.0 % of the 
weight of organic vehicles, and 1.0 - 15.0 % of the weight (aluminum metal conversion: 0.01 - 3.0 % of 
the weight) of aluminum content organic compounds 5.0% of the weight. 

[0041] moreover, the thing made to do so the effectiveness of the invention in this application certainly 
by using at least one sort chosen from the group which consists of aluminum resinate, aluminum 
stearate, aluminium oleate, lauric-acid aluminum, lactic-acid aluminum, aluminum acetylacetonate, 
aluminum TORIISO propoxide, and aluminum butoxide as an aluminum content organic compound like 
the conductive paste of claim 3 ~ possible — becoming - the invention in this application — efficiency ~ 
oh, it can close. 

[0042] Moreover, like the solar battery of the invention in this application (claim 4), when an electrode 
is formed using a conductive paste according to claim 1 to 3, electrode layer thickness can be made thin, 
securing a solar-battery property, and the curvature of a p mold Si semi-conductor substrate can be 
reduced, that is, conventionally, it can become possible to make it thin even to 20-30 micrometers, 
without reducing the amount of generation of the aluminum-Si alloy layer formed in the electrode 
forming face of a p mold Si semi-conductor substrate namely,, without spoiling a solar-battery property 
about what has required setting electrode layer thickness to 50-60 micrometers, the curvature of a p 
mold Si semi-conductor substrate can be prevented, and the yield can be raised. 

[Translation done.] 
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